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(71) We, IMPERIAL CHEMICAL 
INDUSTRIES LIMITED, Imperial Chemical 
House, Millbank, London SW1P 3JF, a 
British Company, do hereby declare the in- 

5 vention, for which we pray that a patent may 
be granted to us, and the method by which 
it is to be performed, to be particularly des- 
cribed in and by the following statement: — 
This invention relates to nucleotide deriva- 

10 tives, and more particularly it relates to novel 
icylated derivatives cf adenosine - 3 ',5' - 
cyclic monophosphate (cyclic AMP) which 
possess the property of inhibiting the aggrega- 
tion of blood platelets. 

15 According to the invention there is pro- 
vided a 9 - H - adenine - - D - ribofuranc- 
side - 3 ',5' - cyclic monophosphate derivative 
(hereinafter referred to as a cyclic AMP de- 
rivative) of the formula: — 



20 




OH 



wherein R 1 is an acyl group of the formula 
—CO. OR 3 or — CO.NHR 4 , wherein R 3 
is an alkyl radical of 1 — 8 carbon atoms, a 
haloalkyl radical of 1 — 4 carbon atoms, or an 

25 alkenyl radical of up to 4 carbon atoms, and 
R* is an alkyl radical of 1 — 8 carbon atoms, 
a haloalkyl radical of 1 — 4 carbon atoms, an 
alkenyl radical of up to 4 carbon atoms, a 
phenylalkyl radical of 7 — 9 carbon atoms, a 

30 phenyl radical, a naphthyl radical, or a phenyl 
radical bearing as a substituent a halogen atom 
or an alkyl or alkcxy radical of 1 — 3 carbon 
atoms; and R 2 is hydrogen or an acyl group 
cf the formula —CO . OR 3 , — -CO . NHR 4 or 

35 — CO . R 5 , wherein R 3 and R 4 are as denned 

[Price 33p] 



above and R 5 is an alkyl radical of 1 — 4 car- 
bon atoms, and the base addition salts thereof. 

In this specification, the compound of for- 
mula I wherein R 1 and R 2 are both hydrogen 
is named cyclic AMP, and the substituent R 1 40 
is said to be in the N 6 -position whereas the 
substituent R 2 is said to be in the 0 2 '-position, 
The compounds of the invention are thus 
named as N° - mono - acyl or N c ,0 2 ' - di - 
acyl derivatives of cyclic AMP. 45 

An example of a suitable value for R 3 or 
R 4 when it is an alkyl radical of 1 — 8 carbon 
atoms is a methyl, ethyl, n-propyl, n-butyl, 
isobutyl, n-hexyl, n-heptyl or n-octyl radical, 
but a preferred value for R 3 or R* is an alkyl 50 
radical of 3 — 6 carbon atoms, for example a 
n-propyl, n-butyl, isobutyl or n-hexyl radical. 

An example of a suitable value for R 3 or 
R* when it is a haloalkyl or alkenyl radical of 
up to 4 carbon atoms is a 2,2,2 - trichloro- 55 
ethyl, 2 - chloro ethyl or allyl radical, and an 
example of a suitable substituent which may 
be present on a phenyl radical when it is 
a value for R 4 is an o- 3 m- or p-chloro sub- 
stituent, or a p-methoxy radicaL 60 

An example of a suitable value for R 4 when 
it is a phenylalkyl radical is a benzyl radical. 

A particular value for R 5 is an n-propyl 
radical. 

. A base addition salt of the invention may 65 
be a pharmaceutically-acceptable base addition 
salt, for example an alkali metal or alkaline 
earth metal salt, for example a sodium, potas- 
sium or calcium salt. Alternatively, it may be 
a base addition salt which is primarily used 70 
in the manufacture of the compounds of the 
invention because of the desirable physical 
properties of that salt, but which is not neces- 
sarily pharmaceutically-acceptable. Examples 
of such salts are a barium salt, or a salt with 75 
an organic amine, preferably a tertiary amine, 
for example mmethylarnine, triethylamine, di - 
iscpropylethylamine, pyridine, or an N - alkyl- 
mcrpholine, for example N - methylmorpho- 
line. 80 
Particularly useful compounds of the invent 
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tion are those cyclic AMP derivatives of for- 
mula I wherein both R 1 and R 2 are acyl 
groups, that is when R 2 is other than hydro- 
gen. They may be, for example, compounds 

5 in which R 1 and R 2 are bodi acyl groups of 
the formula —CO . OR 3 or both acyl groups 
of the formula —CO . NHR*, or they may be 
compounds in which R 1 is an acyl group of 

in 5* e . formula — co • or —CO . NHR* and 

10 R 2 is a different acyl group of the formula 
—CO . OR 3 , —CO . NHR* or —CO . R s . 

Specific cyclic AMP derivatives of the in- 
vention are illustrated in the accompanying 
Examples, and of these N c ,0 2 ' - di - phenyl- 

15 carbamoyl - c.AMP is particularly preferred, 
and N G ,0 2/ - di - isobutoxycarbonyl - c.AMP 
and N 5 ,0 2 ' - di -n - butoxycarbonyl - c.AMP 
are also particularly potent. 

The cyclic AMP derivatives of the inven- 

m tion may be prepared by processes which are 
known for the . preparation of analogous acyl- 
ated derivatives of cyclic AMP. Thus the 
following processes, in which R 1 , R 2 , R 3 3 R* 
and R 5 have the meanings stated above, are 

^> provided as further features of the invention: 
1) For a compound of formula I wherein 
R x is an acyl group of the formula — CO OR 3 
or —CO . NHR 4 and R 2 is hydrogen or R 1 and 

™ R2 ^F e ld entical acyl groups of the formula 
—CO . OR 3 or —CO . NHR 4 , reacting cyclic 
AMP, or a base addition salt thereof, with 
at least 1.5 molecular equivalents cf an acylat- 
ing agent derived structurally from an acid 
SL ^ formula R a O . CO . OH or 

35 R*NH.CO.OH. 

If a base addition salt is not used as start- 
ing material the reaction is preferably carried 
out in the presence of a base. Convenient base 

011 SaltS ^ ^ stated above. 
4 ° A particularly suitable acylating agent is 
an acid halide, for example an acid chloride, 
or an anhydride of the above-mentioned acids, 
and the base may be a volatile organic base, 
for . example pyridine or di-isopropylethyl- 
45 amine. If two or more molecular equivalents 
cf acylating agent are used, the main product 
obtained is a compound of formula I in which 
both R L and R a are acyl groups, but smaller 
quantities of compounds of formula I, in 
50 which either R* or R 2 is an acyl group, are 
obtained and may be isolated. 

2) For a compound cf formula I wherein 
R * s an acyl group of the formula 
„ — GQ • NHR 4 , and R 2 is hydrogen, or R l and 
™ C ldentlcal ac Y l groups of the formula 
—CO . NHR 4 , reacting cyclic AMP, or a base 
addition salt thereof, with at least 1.5 molecu- 
lar equivalents of an isocyanate of the formula 
R 4 N=C=0, wherein R* is as stated above. 
60 ^ If two or more molecular equivalents of 
isocyanate are used, the main product is a 
compound of formula I wherein both R l and 
R 2 are acyl groups and smaller quantities of 
monoacyl derivatives are obtained. 
65 The reaction is conveniently carried cut in 



a diluent or solvent, for example N,N - di- 
methylformamide or pyridine, and a con- 
venient base addition salt is as stated above. 

3) For a compound of formula I wherein 

R 2 is hydrogen, hydrolysing the corresponding 70 
cyclic AMP derivative of formula I, wherein 
R 2 is an acyl group, with dilute alkali, for 
example 0.1N sodium hydroxide or potassium 
hydroxide solution, for a period of from 15 
minutes to 48 hours at ambient temperature, 75 
or by hydrolysing under the same conditions 
a trj-acylated derivative of cyclic AMP, usu- 
ally obtained as a by-product of process 1) or 

4) For a compound of formula I wherein 80 
R- is other than hydrogen; 

a) reacting the corresponding cyclic AMP 
derivative of formula I, wherein R 2 is hydro- 
gen, or a base addition salt thereof, with an 
acylating agent derived structurally from an 85 
aad of the formula R 3 O.CO OH 
R*NH. CO. OH or R 5 . CO. OH, or with an* 
isocyanate of the formula R* . N=C=0. 

or b) reacting the corresponding cyclic AMP 
derivative of formula I, wherein R 1 is hydro- 90 

gC ^ nC ^ is an ac y l ^ on P cf formula 
—CO . OR 3 , —CO . NHR 4 or —CO . R*, or 
a base addition salt thereof, with an acylatin^ 
agent derived structurally from an acid cf the 
formula R 3 O.CO.OH or R*NH . CO . OH, 95 

^ lth ^ 311 isccvan ate of the formula 
K . N = O. 

Process 4) is carried out under the same 
conditions as processes 1) and 2) and is par- 
ticularly convenient for the preparation of 100 
compounds of the invention wherein R 1 and 
R represent different acyl groups. 

5} Dehydrating an adenosine - 5' - phos- 
phate derivative of the formula: 



O 



OH 

WO OR* 



CO 



105 



A suitable dehydrating agent is, for example 
a carbodnmide, for example, N^N 1 - dicyclo- 
hexylcarbodi - imide or N,N 2 - di - p - tolyl- 
carbodi - imide, and the dehydration may be 
earned out in a diluent cr solvent, for 110 
example formamide, oUmethylformamide or 
pyridine. The dehydration is conveniently ear- 
ned out at a temperature of SO — 120°O, and 
the nucleoside - 5' - phosphate is conveniently 
used in the form of a salt which is soluble in 115 
the reaction medium, for example a 4 - 
morpholine - NJSP - dicyclchexylcarbox- 
amidinium salt or triethylammonium salt. 
6) Reacting a compound cf the. formula: 
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wherein R 6 is a radical derived from an acid 
R 6 H which is more acidic than the 3 ' -hydroxy 1 
radical of the nucleotide of formula III, with 

5 a base. 

A particularly suitable value for R° is a 
halogen atom, a phenoxy radical optionally 
bearing one or more nitro, halogen or methyl- 
sulphonyl radicals, an alkoxy radical, especi- 

10 ally a methoxy radical, bearing a cyano radical 
or a halo genom ethyl radical, or a diaryl phos- 
phate radical. Examples of such suitable values 
for R 6 are a fluorine atcm, a 2,4 - dinitro- 
phenoxy, p - nitrophenoxy, 2,4,5 - trichloro- 

15 phenoxy, p - methyisulphcnylphenoxy, cyano- 
methoxy, 2,2,2 - trichloroethoxy or diphenyl 
phosphate radical. 

The reaction is conveniently carried out in a 
diluent or solvent, for example a polar organic 

20 solvent such as dimethylsulphoxide, t-butanol, 
dimethylformamide. Preferably the diluent or 
solvent should be anhydrous, and this is par- 
ticularly important when R 2 stands for an 
acyl group in order to avoid replacement cf 

25 such a radical by hydrogen owing to hydro- 
lysis. 

The reaction is conveniently carried out at 
a temperature from — 20°G to 40°G, and a 
suitable base is, fcr example, an alkali metal 
30 alkoxide, for example sodium or potassium 
methcxide or t-butoxide, or an alkali metal 
hydride, for example sodium or potassium 
hydride. 

Processes 5) and 6) are most useful when 

35 R 2 is hydrogen. 

As stated above, the cyclic AMP deriva- 
tives of the invention possess the property of 
inhibiting the aggregation of blood platelets. 
This property is demonstrated in vitro by 

40 adding the test compound to a stirred sample 
of heparinised human platelet-rich plasma, and 
measuring the effect of the test compound in 
delaying or reducing the increase in the light 
transmission of the sample caused by the 

45 addition of collagen or adenosine 5 '-diphos- 
phate. In this test, the cyclic AMP derivatives 
of the invention inhibit the aggregation of 
blood platelets at concentrations as low as 
10" 3 molar, and the most potent compounds 

50 show this effect at concentrations as low as 
lO" 5 to 10- 6 molar. The in vitro inhibition 
of the aggregation of blood platelets is useful 
in preserving blood for transfusion purposes 
without impairing its function. 

55 The ability of the cyclic AMP derivatives 
of the invention to inhibit the aggregation 



of blood platelets can also be demonstrated 
in viva using a standard test in rabbits in 
which the test compound is administered by 
intravenous injection or infusion to the animal, 60 
and a sample of blood is withdrawn and its 
capacity to resist platelet aggregation induced 
by collagen is measured by its decreased resist- 
ance to flowing through a microscope filter 
compared with a control sample to which 65 
collagen has also been added. In this test, 
N 6 ,0 2 ' - di - phenylcarbamoyl - c.AMP for 
example, when infused at 10 mg./kg. over 
20 minutes gave a 90 — 100% decrease in the 
resistance of a blood sample to flowing through 70 
a microscope filter compared with a control 
sample. Under the same conditions, this com- 
pound showed no effect on the concentration 
of glucose in the blood. This result is in 
marked contrast to the well-known N fi ,0 2 ' - 75 
di - n - butyryl - c.AMP which under the 
same conditions produced a substantial in- 
crease in the concentration of glucose in the 
blood without having any effect upon the 
aggregation cf the platelets. The in viva in- 80 
hibiticn of platelet aggregation is useful in the 
prevention of thrombus formation. 

The compounds of the invention do not 
produce overt toxic effects at the doses re- 
quired to show activity, and N 5 ,0 2 ' - di - 85 
phenylcarbamoyl - c.AMP has been adminis- 
tered to rabbits by intravenous injection at 
doses up to 100 mg./kg. without any toxic 
symptoms being observed. 

When a compound cf the invention is used 90 
to inhibit the aggregation of blood platelets 
in v$tro>, it is conveniently added to the blood 
so that its concentration in the blood is from 
10 -2 to 10^ 5 molar. When used to inhibit the 
aggregation of blood platelets in warm blooded 95 
animals, it is convenientiy adrninistered intra- 
venously, by infusion or injection, at a dose 
from 2 mg./kg. to 500 mg./kg. or, for the 
more potent compounds, at a dose from 2 
mg./kg. to 50 mg./kg. In man this is equiva- 100 
lent to a dose of from 1 mg./kg. to 20 mg./kg. 
of the preferred compounds which is conveni- 
ently repeated every 12 hours. 

When used in vivo, a compound of the 
invention is conveniently administered in the 
form of a pharmaceutical composition com- 105 
prising a cyclic AMP derivative of the in- 
vention in a sterile injectable medium. 

A preferred composition is a sterile inject- 
able solution cf the cyclic AMP derivative. 
Such a preferred composition may contain 110 
from 7 mg./ml. to 140 mg./ml. of cyclic 
AMP derivative. 

The invention is illustrated but not limited 
by the following Examples in which the 
N.m.r. spectra were measured using solutions 115 
in fully deuterated dimethyl sulphoxide with 
tetramethylsilane as internal reference, and the 
eluate from the chromatography columns was 
monitored by measuring the U.V. absorption 
at 260 nm. 120 
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Example 1 

c.AMP (1 g.) was dissolved in water (5 ml.) 
and di - isopropylethylamine (5 ml.) added. 
The mixture was evaporated to a gum and 
5 dried in. vacuo (12 mm. Hg; 40°C.) for 24 
hours. The gum was dissolved in dry N,N - 
dimethylfonnamide (25 ml.) containing di - 
isopropylethylamine {0.12 ml), and the clear 
solution was treated with phenyl isocyanate 

10 (1.5 ml.). The reaction mixture was kept at 
room temperature for 72 hours. The solvent 
was removed under reduced pressure and the 
residue dissolved in acetonitnle: water (22:3 
v:v). The solution was applied to a silicic 

15 acid column (135 X2.5 cm.) which was eluted 
with the same solvent. The eluate fractions 
(500—750 ml) and (1—2 1.) were set aside 
and the fraction (750 ml.— 1,000 ml.) was 
evaporated. The residue thus obtained was 

20 dissolved by warming in acetorritrile, and the 
solution was set aside at 4°C. After 16 hours 
the precipitate which formed was collected 
by filtration and dried to give N 6 ,0 2 ' - di - 

„ phenylcarbamoyl - c.AMP di - isopropylethyl- 

25 ammonium salt as an off-white powder (500 
mg; 31%). Found C, 51.0; H, 6.2; N, 15.4%. 
C 24 H 22 N- 7 O s P . C 8 H 19 N . 3H 2 0 requires Q 
51.1; H, S3; N, 15.0%; U.V. X max {ethanol) 
278 n.m. ( e 26,900); N.m.r. S 6.28 (s.H-1') 

30 and 5.74 (H-20 p.p.m. ' 

Example 2 
The eluate fractions (500 — 750 ml) and 
(1 — 2 L), set aside in Example 1 3 were com- 
bined., evaporated to dryness, and the residue 

35 consisting of di- and tri-phenylcarbamoyl- 
c.AMP was dissolved in 0.1M sodium hydrox- 
ide solution. After 1 hour at room tempera- 
. ture, the resulting solution was neutralised by 
-the addition of sulphonated polystyrene resin 

40 (H + form), which was stirred with the solu- 
tion, removed by filtration and washed with 
water. The combined nitrate and washings 

; were evaporated to a small volume (4 ml.) and 
applied to a column of diethylaminoethyl - 

45 cellulose (HCOy- form) (32x4 cm.) which 
was eluted with a linear gradient of triethyl- 
ammonium bicarbonate {0->l Molar, in 5 1.). 
The major product emerged between 2.84 and 
3.7 1. eluate, and this fraction was evaporated 

50 to dryness and the residual solid de-salted 
by repeated dissolution and evaporation from 
ethanol. The final residue was precipitated 
from ethanol to give N 6 - mono - phenyl- 
carbamoyl - c.AMP trietbylammonium salt, 

55 as an off-white powder (400 mg; 24%). 
Found Q 49.1; H, 6.2; N, 17.0%. 
Cx^N^P.QH^N.H^ requires Q 
48.7; H, 6.0; N, 17.3% U.V. A max (ethanol) 
278 run. ( e 23,500); N.m.r. 5 6.40 (s.H-1') 

60 p.p.m. 

Example 3 

c.AMP (1 g.) was dissolved in a mixture 
; of water (5 ml.) and di - isopropylethylamine 



(5 ml). The solution was evaporated to a gum 
which was dried in vacua (12 mm. Hg; 40° C) 65 
overnight. The gum was dissolved in dry 
pyridine (50 ml.) and isobutyl chloroformate 
(0.84 ml.) added. After 48 hours at room 
temperature, a further quantity of the acid 
chloride (0.84 ml) was added and the mixture 70 
set aside for a further 48 hours at room tem- 
perature. A crystalline precipitate was filtered 
off and discarded, and the filtrate evaporated 
to dryness. The residue was dissolved in water 
(20 ml.), and traces of pyridine were removed 75 
by extraction of the aqueous solution with 
ether (2X 100 ml.). The water layer was then 
extracted with chloroform (5x50 ml.). The 
first three chloroform extracts were combined, 
evaporated to dryness and the residue, dis- 80 
solved in chloroform, was applied to a column 
of silicic acid (20X2 cm.) with chloroform: 
ethanol (4: 1 v/v) as eluant. A major product 
emerged between 200 — 500 ml. eluate and 
this was obtained as a white powder after fil- 85 
tration of the precipitate obtained by the addi- 
tion of petrol ether (b.p. 60— 80°C.) to the 
eluate. The final two chloroform extracts were 
found to contain the same product as isolated 
from the column and so were combined 90 
directiy with the precipitated material to 
give, after repredpitation from petrol^ N 6 ,0 3 - 
di - isobutoxycarbonyl - c.AMP as its di - 
isopropylethylammonium salt (470 mg. 26°/ ) 

£ 01 S d c> 51 - 5; H > 7 - 5 ; N > 12 - 8 °/- 95 

C 20 H 28 N 5 O l0 P . CgH^ requires Q 51.0; H, 
7.5; N, 12.8%; U.V. A ma , (ethanol) 267 n.m' 
(b 17,400); N.m.r. & 6.34 (s. H-l') and 5.68 
(H-2') p.p.m. 

Example 4 100 
c.AMP <1 g.) was dissolved in a mixture 
of water (5 ml.) and di - isopropylethylamine 
(5 ml.). The solution was evaporated to a gum 
which was dried in vacito (12 mm. Hg; 40°C.) 
overnight. The gum was dissolved in dry 105 
pyridine (50 ml.) and n-propyl chloroformate 
(1 ml.) added. Two further aliquots (1 ml.) 
of the chloroformate were added at 24 hour 
intervals. After a total of 72 hours at room 
temperature the mixture was evaporated to a 110 
gum which was dissolved in water (20 ml.). 
The solution was extracted with ether (2X50 
mi), the ether extracts being discarded, and 
then extracted with chloroform (6X30 ml). 
The first extract was set aside and the remain- 115 
■mg five chloroform extracts were combined 
and evaporated to dryness. The residue was 
triturated with petrol ether (b.p. 60 — 80°C). 
The solid so produced was collected by filtra- 
tion and air-dried to give N G ,0 2 ' - di - n - 120 
propoxycarbonyl - c.AMP (600 mg.) as the 
di - isopropylethylammonium salt. A portion 
(450 mg.) of the product was dissolved in 
water and passed through a column of sul- 
phonated polystyrene resin (H + form), and the 125 
eluate freeze-dried to give N 6 ,0 2 ' - di - n - 
propoxycarbonyl - c.AMP (370 mg.). Found 
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Q 42.4; H, 5.0; N, 14.1; P, 6.5%. 
GeII=4N 5 O 10 P requires C, 43.1; H, 4.85; N, 
14.0; P, 6.0% U.V. A mas (ethanol) 267 njn. 
(e 17,450); N.m.r. 8 6.3 (s. H-l') and 5.72 
5 (H-2') p.p.m. 

Example 5 

The first extract set aside in Example 4 was 
evaporated to a gum containing as the major 
product N 6 0 2/ - di - n - propoxycarbonyl - 

10 c.AMP, together with a second product tenta- 
tively identified as N 6 ^f 6 3 O s ' - tri - n - prop- 
oxycarbonyl - c.AMP. The gum was dissolved 
in ethancl (9 ml.) and a solution of 1M sodium 
hydroxide (1 ml.) added. After 15 minutes the 

15 reaction solution was neutralised by the addi- 
tion of sulphcnated polystyrene resin (H + 
form), which was stirred with the solution, 
removed by filtration and washed with water. 
The combined filtrate and washings were 

20 freeze-dried to give N 6 - mono - n - propoxy- 
carbonyl - c.AMP (230 mg.). Found C, 36.3; 
H, 4.3; N, 15.1% for the sodium salt, 
Q 4 H 17 N 5 O s P Na. 1.5 H 2 0 requires C, 36.2; 
H, 4.3; N, 15.1%; U.V. A maY (ethanol) 267 

25 n .m. ( £ 17,750); N.m.r. 8 6.06 (s. H-l') p.p.m. 

Example 6 

n-Butyl isocyanate (1 ml.) was added to a 
solution of c.AMP di - isopropylethylam- 
monium salt (1.2 g.) in N,N - dimethyfiorm- 

30 amide (40 ml.), and the mixture heated at 
100°C. for 12 hours. A further quantity of 
the isocyanate (2 ml.) was then added and the 
solution heated at 100°C. for a further 3 
days. The solvent was then evaporated under 

35 reduced pressure, and the residual oil was 
dissolved in water (30 ml.). The solution was 
extracted with chloroform (6X50 ml.) and 
the extracts evaporated to dryness to give 
N e ,0 2/ - di - n - butylcarbamoyl - c.AMP 

40 (450 mg) as its di - isopropylethylammonium 
salt. A portion of this salt (380 mg.) was 
passed through a column of sulphcnated poly- 
styrene resin (H + form), and the eluate and 
water washings were freeze-dried to .give 

45 N 6 ,0 2 ' - di - n - butylcarbamoyl - c.AMP as 
the free acid (300 mg.). Found C, 44.2; H, 
5.8%. C2 0 H 30 N 7 O 8 P . H 2 Q requires C, 44.0; 
H, 5.9%; U.V. A max (ethanol) 269 njn. (e 
20,500); N.m.r. 8 6.12 (s. H-l') and 5.55 

50 (H-2') p.p.m. 

Example 7 

Ethyl chloroformate (2.5 ml) was added to 
a solution of cAMP triethylammonium salt 
(1 g.) in dry pyridine (50 ml.) and the mix- 

55 ture left at room temperature for 72 hours. 
The solvent was then evaporated under re- 
duced pressure, and the residue dissolved in 
water (30 ml). The first two chloroform ex- 
(6X30 ml). The first two chloroform ex- 

60 tracts were set aside and the remaining four 
chloroform extracts were combined and 
evaporated to dryness. The residue was dis- 



solved in water (50 ml.), passed through a 
column of sulphonated polystyrene resin (H + 
form) and the eluate frcezc-dricd to give 65 
N^Q 2 ' - di - ethoxycarbonyl - c.AMP (250 
mg.) as the free acid. Found C, 37.5; H, 4.4; 
N, 13.9%. Q c Ho 0 N 5 P . 2H.O requires C, 
37.7; H, 4.6; N, 13.8%; U.V. A max (ethanol) 
267 n.m. ( e 16,900); N.m.r. 8 6.32 (s, H-l') 70 
and 5.66 (H-2') p.p.m. 

Example 8 
2,2,2 - Trichloroethyl chloroformate (1.5 
ml) was added to a solution of cAMP tri- 
ethylammonium salt (1 g.) dissolved in dry 75 
pyridine (50 ml.). The mixture was left at 
rccm. temperature for 48 hours, and then 
evaporated to dryness under reduced pressure. 
The residue was dissolved in chloroform and 
fractionated on a column of silicic acid (12x2 80 
cm.) with chloroform : ethanol (19:1 v/v) as 
eluant. A major product was obtained after 
300 ml. eluate and was isolated after evapora- 
tion, as a white powder (1 g.). A portion of 
this {400 mg.) was dissolved in aqueous eth- 85 
anol and passed through a column of sulphon- 
ated polystyrene resin (H + form). The eluate 
was freeze-dried to give N^O 2 ' - di - 2,2,2 - 
trichloroethoxycarbonyl - c.AMP (365 mg.) 
as the free acid Found C, 28.6; H, 2.2; N, 
10.3%. Q G H l4 N s O 10 Pa 6 requires C, 28.2; 90 
H, 2.1; N, 103%; U.V. A mMi (ethanol) 267 
n.m. ( e 17,700); N.m.r. $ 6.48 (s, H-l') and 
5.81 (H-2') p.p.m. 

Example 9 

A second portion of the major product (400 95 
mg.) obtained in Example 8 was dissolved in 
ethanol (9 ml.) and 1M sodium hydroxide (1 
ml.), and the solution left at room temperature 
for 30 minutes. The mixture was neutralised 
by passage through a column of sulphonated 100 
polystyrene resin (H + form), and the eluate 
and washings, partially evaporated and then 
freeze-dried to give N 6 - mono - 2,2,2 - tri- 
chloroethoxycarbonyl - c.AMP (265 mg.) as 
the free acid. Found C, 30.4; H, 3.1; N, 105 
13.2%. C 13 H 13 N 5 0 8 PC1 3 . H 2 0 requires C, 
29.9; H, 2.9; N, 13.4% U.V. A maj , (ethanol) 
267 njn. (e 17,100); N.m.r. 8 6.03 (s, H-l') 
p.p.m. 

Example 10 110 
n-Butyl chloroformate (5 ml) was added to 
a solution of CAMP triethylammonium salt 
(1 g.) in dry pyridine (50 ml.), and the mix- 
ture left at room temperature for 48 hours. 
The solvent was removed under reduced pres- 115 
sure, and the residue dissolved in water (30 
ml) and extracted with chloroform (6x30 
ml). The combined chloroform extracts were 
evaporated in the presence of silicic acid (10 
g.) to a dry powder which was applied to a 120 
column of silicic acid (15 X 1.5 cm.) and 
fractionated with acetonitrile: water (88 : 12). 
The first major eluate fraction (200 — 500 ml.) 
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was set aside and the second major fraction 
(500 — 800 ml.) was evaporated to dryness. 
The residue was dissolved in water, and the 
solution passed through a column of sulphon- 

5 ated polystyrene resin (Na + form). The eluate 
was then freeze-dried to give N G 3 0 2 ' - di - n - 
butoxycarbonyl - c.AMP (280 mg.) as the 
sodium salt. Found Q 41.8; H, 4.9; N, 
12.6%. C 20 H 27 N 5 O l0 P 3 Na.HoO requires C, 

10 42.2; H, 5.1; N, 12.3%. U.V. A^. (ethanol) 
267 n.m. (s 17,900); N.m.r. S 6.28 (s, H-l') 
and 5.62 (H-2') p.p.m. 

Example 11 
The first major eluate fraction (200 — 500 

15 ml.) set aside in Example 10 contained both 
di- and tri-n-butoxycaxbonyl-c. AA1P. It was 
evaporated and the residue was treated with 
aqueous ethanolic 0.1 M sodium hydroxide 
(10 ml.) at room temperature for 4 hours. 

20 The mixture was neutralised with a sulphon- 
ated polystyrene resin (H + form). The aqueous 
eluate was freeze-dried to give N 6 - mono - 
n - butoxycarbonyl - c.AMP (220 mg.). 
Found Q 39.9; H, 4.4; N, 15.6%. 

25 Q 5 H 20 N 5 O 8 P . H 2 Q requires Q 40.3; H, 4.9; 
N, 15.6%; U.V. A^-. (ethanol) 267 n.m. (e 
17,450); N.m.r. 3 6.00 (s, H-l') p.p.m. 

Example 12 
n-Heptyl chloroformate (5 ml.) was added 

30 to a stirred solution of c.AMP triethylam- 
monium salt (1 g.) in dry pyridine (50 mL). 
After 48 hours the solution was treated with 
water (5 ml.) and the mixture evaporated to 
dryness. The residue was dissolved in aceto- 

35 nitrile and fractionated on a column of silicic 
acid (30X2 cm.) with acetcnitrile : water 
(88 : 12) as eluant. The major fraction obtained 
after 300 ml eluate was set aside, and a 
second fraction obtained after 500 

40 ml. eluate was further fractionated 
by preparative t.l.c. on silicic acid (GF 2 - 4 
plates, 20 x20 cm., acetonitrile: water, 88: 12) 
into two fraction, A and B. Fraction A (R T 
0.66) was isolated by elution with ethanol. 

45 The solid obtained after evaporation under 
reduced pressure was dissolved in water, and 
the solution was passed through a column of 
sulphonated polystyrene resin (H + form). The 
eluate was freeze-dried to give N 6 ,G 2 ' - di - 

50 n - heptyloxycarbonyl - c.AMP (120 mg.) as 
the free acid. Found Q 49.9; H, 6.6; N, 
11.6%. Q c H,. 0 N s O l0 P requires Q 50.8; H, 
6.5; N, 11.4%. U.V. X m ^ (ethanol) 267 n.m. 
(s 17,400); N.m.r. S 6.32 (s, H-l') and 5.62 

55 (H-2') p.p.m. 

Example 13 
The major fraction obtained after 300 ml. 
eluate and set aside in Example 12 v/as evapor- 
ated. The residue of di- and tri-n-heptyloxy- 
60 carbonyl-c.AMP was hydrolysed with aqueous 
ethanolic 0.1 M sodium hydroxide (10 ml.) at 
room temperature for 30 minutes. The hydro- 



lysate was neutralised with sulphonated poly- 
styrene resin (H + form)., and the eluate freeze- 
dried to give N c - mono - heptyloxycarbonyl - 65 
c.AMP (180 mg.). Found Q 42.7; H, 5.3; 
N, 13.5%, Q B H 2C N 5 0 8 P . 2H 2 0 requires C, 
42.6; H, 5.9; N, 13.7%; U.V. A maT (ethanol) 
267 n.m. (e 17,950); N.nxr. 5 6.03 (s, H-l') 
p.p.m. 70 

Example 14 
Ethyl isccyanate (2 ml.) was added to a 
solution of C.AMP triethylammonium salt (1 
g.) in dry pyridine (50 ml.). The mixture was 
heated under reflux for 16 hours, and left 75 
to cool. The pyridine was evaporated under 
reduced pressure, and the gummy residue was 
fractionated on a column of silicic acid 
(15X1.5 cm.) with acetonitrile: water (88:12 
v/v) as eluant. A major fraction was isolated 80 
after evaporation of the eluate, dissolution of 
the residue in water, passage of the solution 
through a column of sulphonated polystyrene 
resin (Na + form) and freeze-drying of the 
eluate to give N G ,Q 2 ' - diethylcarbamoyl - 85 
c.AMP (610 mg.). Found C, 35.9; H, 4.4; N, 
18.1%, Q c H 21 N 7 0 £ PNa.2H 2 0 requires C, 
36.3; H, 4.7; N, 18.5%. U.V. A raax . 268 n.m. 
(* 21,000); N.m.r. S 6.13 (s, H-l') and 5.54 
(H-2') p.p.m. 90 

Example 15 
A portion (200 mg.) of the product obtained 
in Example 14 was dissolved in 0.1 M potas- 
sium hydroxide and left at room temperature 
for 48 hours. The solution was neutralised by 95 
passage through a column of sulphonated 
polystyrene resin (H + form), and the eluate 
and washings were freeze-dried to give N 6 - 
mono - ethylcarbamcyl - c.AMP (120 ms.) as 
the free acid. Found C, 33.9; H, 4.8; N, 100 
19.0%, Q 3 H 17 N C Q 7 P . 3H 2 0 requires C, 
34.2; H, 5.1; N, 18.5%. U.V. A ma , (ethanol) 
268.5 n.m. ( £ 19,500). N.m.r. S 6.6 (s, H-l') 
p.p.m. 

Example 16 105 
p - Chlorophenylisocyanate (2 g.) was added 
to a solution of c.AMP triethylammonium salt 
(1 g.) in dry pyridine (50 ml.), and the mix- 
ture heated at 80°C. for 30 minutes. Water 
(5 ml.) was added, and the solvent evaporated. 110 
The residue was suspended in chloroform and 
a precipitate of 1,2 - bis - p - chlorophenyl- 
urea was removed by filtration. The chloro- 
form filtrate and washings were evaporated 
to dryness, and the residue fractionated on a 115 
silicic acid column (10x1.5 cm.) with aceto- 
nitrile as eluant. After 1.5 1. of eluate, all of 
the urea had been removed and the eluate 
was changed ro acetonitrile: water (22: 3 v/v). 
The eluate fraction (300^1,000 ml.) was 120 
evaporated to give N G ,0 2 ' - di - p - chloro- 
phenylcarbamoyl - c.AMP as a crystalline 
solid (250 mg.) and as an amorphous solid 
(1.65 g.). Found C, 42.3; H, 3.3; N, 13.8%. 
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C 24 H 20 N 7 O 8 PCl 2 . 3H.O requires Q 41.7; H, 
3.7; N, 14.2%. U.V. A mas (ethane!) 279 n.m. 
( £ 29,250); N.m.r. S 6.34 (s, II-l') and 5.74 
(H-2') p.p.m. 

5 Example 17 

NSO 2 ' - Di - p - chlorophenylcarbamoyl - 
c.AMP (800 mg.) was dissolved in ethanol 
(9 ml.) and 1 M sodium hydroxide (1 ml.) 
and the solution left at room, temperature 

10 for 24 hours. The solution was rendered 
neutral by passage through a column of sul- 
phonated polystyrene resin (H + form), and .the 
eiuate was freeze dried to give N c - mono - p - 
chlorophenylcarbamoyl - c.AMP as the free 

15 acid form (240 mg.). Found C, 39.1; H, 3.7; 
N, 15.9%. Q 7 H lc N c 0 7 PCl . 2H 2 0 requires 
Q 39.4%; H, 3.8; N, 16.2%. U.V. 
(ethanol) 278 n.m. ( £ 23,500); N.m.r. « 6.09 
(s, H-l') p.p.m. 

20 Example 18 

1 - Naphthylisocyanate (2 ml.) was added 
to a solution of c.AMP tri ethylammonium salt 
(1 g.) dissolved in dry pyridine (50 ml.). The 
mixture was left at room temperature for 48 

25 hours, and the precipitate of 1 ,2 - bis - 
naphthylurea filtered off. The pyridine was 
removed under reduced pressure, and the 
residue fractionated on a silicic acid column 
(30 X 2 cm.) with acetonitrilc: water (22 : 3) as 

30 eluant. The eiuate was evaporated to give an 
amorphous powder (900 mg.). Part of this 
material (600 mg.) was dissolved in aqueous 
ethanol and passed through a column of sul- 
phonated polystyrene resin (Na + form). The 

^5 eiuate was partially evaporated and then 
freeze-dried to- give N 6 ,0 2 ' - di - naph - 1 - 
ylcarbamoyl - c.AMP (500 mg.) as the sodium 
salt. Found C, 50.8; H, 3.6; N, 13.1%. 
C3 2 H,,N 7 0 B PNa . 3HoO requires Q 51.7; H, 

40 4.2; N, 13.2%. U.V. A max (ethanol) 275 n.m. 
(broad) (e 18,500). N.m.r. « 6.37 (s, H-l') and 
5.80 (H-2') p.pjn. 

Example 19 
Phenylisocyanate (4 ml.) was added to a 

45 solution of c.AMP triethylammonium salt (1.2 
g.) irt dry pyridine (60 ml.), and the mixture 
left at room temperature for 48 hours. Water 
(5 ml.) was added, and the mixture evaporated 
to dryness. The solid was extracted continu- 

50 ously with ether in a Soxhlet apparatus for 48 
hours after which time all of the 1,2 - bis- 
phenylurea had been removed. The residue in 
the thimble was dissolved in aqueous aceto- 
nitrile and the undissolved solid collected by 

55 centrifugation. The viscous supernatant liquid 
was diluted further with aqueous acetcnitrile 
and the solution passed through a column 
of sulphonated polystyrene (H + form). The 
eiuate and water washings were partially 

60 evaporated under reduced pressure and then 
freeze-dried to give N G ,0 2 ' - diphenylcarb- 
amoyl - c.AMP (1.8 g.)- 



Example 20 
c.AMP (250 mg.) was dissolved in a mix- 
ture of water (1 ml.) and trietliylainine (1 ml.). 65 
The mixture was evaporated to a gum, which 
was dried hi vscico over concentrated sulphuric 
acid at room temperature to give the triethyl- 
ammonium salt. This salt was dissolved in 
. dry pyridine (10 ml.) containing octyl isocyan- 70 
ate (1 ml) and the mixture was heated under 
reflux for 6 hours. The solution was diluted 
with water (140 ml.), and the mixture allowed 
to stand at room temperature for 17 hours. 
The solid material was filtered off, and the 75 
filtrate evaporated under reduced pressure. 
The residue was dissolved in chloroform and 
fractionated on a column cf silicic acid (30 g.) 
with chloroform : methanol (4 : 1 v/v) as eluant. 
Fractions containing only the major product 80 
were evaporated to dryness. The residue was 
dissolved in chloroform, and the solution 
passed through a column cf sulphonated poly- 
styrene resin (Na + form). The eiuate was 
evaporated, the residue re-dissolved in water, 85 
and the solution freeze-dried to give N 0 ,O 2 - 
di - n - octylcarbamoyl - c.AMP as the 
sodium salt (164 mg.). Found C, 50.2; H, 7.2; 
N, 14.4%. Q a «„H 7 O a FNa.iH s O requires 
C, 50.1, H, 6.9; N, 14.6%. N.m.r. 6.16 (s, 90 
H-l') p.p.m. 

Example 21 
N 6 ,0 2 ' - Di - n - octylcarbamoyl - c.AMP 
(100 mg.) was dissolved in diosan (1 ml.) and 
IN sodium hydroxide (1 ml), and the solu- 95 
tion left at room temperature for 
48 hours. The solution was rendered 
neutral by passage through a column 
of sulphonated polystyrene resin (H + 
form), and the eiuate was freeze-dried to give 100 
N 6 - mono - n - octylcarbamoyl - c.AMP as 
the free acid (65 mg.). Found Q 45.4; H, 6.3; 
N, 15.7%. d 9 H 20 N G O 7 P . HoO requires C, 
45.5; H, 6.2; N, 16.7%. U.V. A max . (water) 
269 n.m. ( e 20,9CO) inflexion 276 n.m.; N.m.r. 105 
8 6.06 (s, H-l') p.p.m. 

Example 22 
' c.AMP triethylammonium salt was prepared 
as described in Example 20 from the free acid 
(500 mg.). It was dissolved in dry pyridine 110 
(20 ml.) and o - chlorophenylisocyanate (2 
ml.). The solution was left at room tempera- 
ture f cr 48 hours, then diluted with water and 
left at 4°C for a further 24 hours. The result- 
ing precipitate was filtered off, and the filtrate 115 
evaporated to a gel, which was re-dissolved 
in acetonitrile and die solution passed down 
a column of sulphonated polystyrene resin 
(Na + form). The eiuate was concentrated to a 
gel and freeze-dried to give N° a 0 2 ' - di - o - 120 
chlorcphenylcarbamoyl - c.AMP as the sodium 
salt (1.12 g.). Found Q 43.8; H, 3.3; N, 
14.2%. C2 4 H 10 N 7 O 8 Pa 2 Na requires C, 43.7; 
H, 2.9; N, 14.9%. U.V. JW (water) 277 nan. 
( e 23,600); Njn.r. $ 6.32 (s, H-l') p.p.m. 125 
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Example 23 
The process described in Example 22 was 
repeated except that in - chlorophenylisocyan- 
ate (2 ml.) was used in place of a - chloro- 

5 phenylisocyanate. After a total of 48 hours 
at room temperature, the mixture was diluted 
with water and stored at 4°C. for 24 hours. 
The resulting precipitate was filtered off, and 
the filtrate evaporated to give 1.06 g. of solid. 

10 A portion of this solid (500 mg.) was dissolved 
in acetonitrile and the solution applied to a 
column of silicic acid (100 g.). The column 
was eluted with acetonitrile: water (80:20), 
and the fractions containing the major product 

15 were passed down a column of sulphonated 
polystyrene resin (Na + form). The eluate was 
partially evaporated, and then freeze dried 
to give N 6 ,0 2 ' - di - m - chlorophenylcarb- 
amoyl - c.AMP as the sodium salt (350 mg.). 

20 Found C, 41.0; H, 3.9; N, 13.1%. 
C 24 H l0 N 7 O ( ,Pa 2 Na . 2iH,0 requires C, 41.0; 
H, 3.4; N, 13.3%. U.V. (water) 277 

n.m. (e 30,100); N.m.r. $ 6.31 (s, H-l') p.p.m. 

Example 24 

25 The process described in Example 22 was 
repeated except That p - metho-xyphenyliso- 
cyanate (2 ml.) was used in place of a - chloro- 
phenylisocyanate, and the initial product was 
converted into the sodium salt using a mixture 

30 of acetonitrile and methanol in place of aceto- 
nitrile. The eluate was evaporated to a solid 
(1.15 g.). A portion of this solid (0.51 g.) 
was dissolved in methanol and the resulting 
solution was evaporated in the presence of 

35 silicic acid (5 g.) to a dry powder. This powder 
was applied to a column of silicic acid (25 g.) 
and fractionated with acetonitrile: water (9 : 1) 
as eluant. Fractions containing the major pro- 
duct were filtered to remove white crystals 

40 (100 mg.) and evaporated to a white solid. 
The solid was dissolved in aqueous methanol, 
and the solution passed down a column of 
sulphonated polystyrene resin (Na + form). The 
eluate was partially evaporated and freeze- 

45 dried to give N 6 ,0 2 ' - di - p - methoxyphenyl- 
caxbamoyl - c.AMP as the sodium salt (285 
mg.). Found C, 46.0; H, 4.3; N, 14.1%. 
C 2fi H 2 .,N 7 0 l0 PNa.2H 2 O requires C, 45.5; 
H, 4.2; N, 14.3%. U.V. (water) 277 

50 n.m. (e 28,700); N.m.r. S 6.29 (s, H-l') p.p.m. 

Example 25 
Freshly distilled allylisocyanate (3 ml.) was 
added to a solution of c.AMP triethylam- 
moniurn salt (1.3 g.) in dry pyridine (50 

55 ml.) and the mixture was heated under re- 
flux for 3i- hours. The pyridine 
was distilled off under reduced pressure^ and 
the residue was fractionated on a column of 
silicic acid (20x3 cm.) with acetonitrile: 

60 water (88:12 v/v) as eluant. The substance 
contained in the eluate between 170 ml. and 
380 ml. was recovered by evaporation under 
reduced pressure, re-dissolved in water (20 



ml.) and passed down a column of sulphon- 
ated polystyrene resin (Na* form — bed volume 65 
15 ml.). Freeze-drying of the eluate and 
washings gave N c ,0 2 ' - di - allylcarbamoyl - 
c.AMP as the sodium salt (0.88 gX Found 
C 38.5; H, 4.3; N, 17.4%. C^N^PNa, 
2H 2 0 requires C, 39.0; H, 4.6; N, 17.7%. 70 
U.V. Knox, (water) 269 n.m. ( c 22,100); 
N.m.r. 5 6.14 (s, H-l') p.p.m. 

Example 26 
Freshly distilled benzylisocyanate (3.5 ml.) 
was added to a solution of c.AMP triethyi- 75 
ammonium salt (1.3 g.) in dry pyridine (50 
ml.), and the mixture was heated under 
reflux for 2\- hours. Removal of the pyridine 
under reduced pressure left an oil which 
yielded a solid upon trituration with ethyl 80 
acetate (25 mL). The solid was collected, 
washed with ethyl acetate, and purified on a 
column of silicic acid (20x3 cm.) with aceto- 
nitrile : water (88: 12 v/v) as eluant. Material 
contained in the eluate between 150 mL 85 
and 550 ml. was recovered by evaporation 
under reduced pressure, and dissolved as far 
as possible in water (40 ml.). The solution 
was clarified by filtration and passed down 
a column of sulphonated polystyrene resin 90 
(N + form— bed volume 25 ml.). The eluate 
^c d ^ Washings were free ze-<*ried to give 
N,0- - di - benzylcarbamoyl - c.AMP as 
the sodium salt (0.70 g.). Found C, 47.3; H, 
4.7; N 14.8%. Q c H 25 N 7 0 8 PNa, 2EO re- 95 
quires C, 47 8; H, 4 .5; N, 15.0%.' U.V. 
•W (water) 269 n.m. ( £ 23,500); N.m.r. § 
6.16 (s 5 H-l') p.p.m. 

Example 27 

Distilled 2 - chloroethylisocyanate (3.5 ml.) 100 
was added to a solution of c.AMP triethyi- 
ammonium salt (1.3 g.) in dry pyridine (50 
ml.). After 46 hours at ambient temperature, 
the solution was evaporated below 30°C 
under reduced pressure. The residue was 105 
punned on a column of silicic acid (20x3 
cm.) with acetonitrile .-water (88:12 v/v) as 
eluant. The substance contained in the elu- 
ate between 200 ml. and 310 ml. was re- 
covered by evaporation under reduced pres- 110 
sure, re-dissolved in water (16 ml.) 3 and 
passed down a column of sulphonated poly- 
styrene (H + form— bed volume 20 ml.). The 
total eluate was first concentrated under 
reduced pressure below 20 °C. and then 115 
freeze-dried to give N 6 ,0 2 ' - di - 2 - chloro- 
ethylcarbamoyl - c.AMP as the free acid 

&° 7 M' F ound ^ 34 ^ H > 3 - 8 ; N > 17.6; 
a, 13.4%. Q c H, 0 N 7 O 8 CLP . O . 5H ->0 re' 
quires C, 35.0; H, 3.8; N, 17.9; CI, 12.9%. 120 
U.V. X maXm (water) 268 n.m. ( e 23,100}; 
N.m.r. § 6.34 (s, H-l') p.p.m. 

Example 28 
Distilled allyl chloroformate (5 ml.) was 
added dropwise to a solution of c.AMP tri- 125 



9 



1 3 407,903 



9 



ethylammonium salt (1.3 g.) in dry pyridine 
(50 nil.) which was stirred in ice-water. The 
mixture was stirred at ambient temperature 
for 42 hours during which time the red solu- 

5 tion and gummy solid were replaced by a 
yellow solution in which crystalline pyridine 
hydrochloride was suspended. The whole was 
evaporated under reduced pressure and the 
residue was re-dissolved in water (25 ml.). 

10 The solution was washed with ether (ca. 20 
ml. X2) 3 and repeated evaporation of the 
aqueous layer under reduced pressure then 
gave a gum which was fractionated on a 
column of silicic acid (20 X 3 cm.) with aceto- 

15 nitrile : water (88:12 v/v) as eluant. The 
fraction from 130 ml. to 160 ml. of eluate 
was evaporated under reduced pressure, and 
the residue re-dissolved in water (10 ml.). 
The solution was washed with ether (ca. 10 

20 ml.), and then extracted with chloroform 
(7 ml. X 12). The first extract showed two 
spots on t.l.c, but the others showed only one 
spot and so they were combined, dried over 
sodium sulphate, and evaporated to give a 

25 gum which solidified on trituratiotn with 
ether. The solid was re-dissolved in water 
(5 ml.) and the solution passed down a 
column of sulphonated polystyrene resin (Na + 
form — bed volume 5 ml.)- The total eluate 

30 was freeze-dried to give N 6 ,^ - di - allyl- 
oxycarbonyl - c.AMP as the sodium salt 
(0.13 g.). Found Q 38.2; H, 3.7; N, 12.2%. 
C,,H lD N,O l0 PNa . 2H 2 0 requires C, 38.8; H, 
4.2; N, 12.6%. U.V. (water) 267 nm. 

35 ( e 18,100); N.m.r. S 6.33 (s, H-l') p.p.m. 

Example 29 
N 6 - Mono - phenylcarbamoyl - c.AMP 
(670 mg.) was dissolved in a mixture of water 
(2 ml.) and triethylamine (2 ml.). The solu- 

40 tion was evaporated to a gum which was 
dried in vacuo over concentrated sulphuric 
acid at room temperature to give the tri- 
ethylammonium salt, This salt was dissolved 
in a mixture of dry pyridine (50 ml.) and 

45 n-butyric anhydride (0.26 ml.). Further quan- 
tities of n-butyric anhydride were added after 
24 hours (0.5 ml.) and 48 hours (1.25 ml.). 
After a total of 72 hours, the mixture was 
treated with water (5 ml.) and after a further 

50 2 hours the mixture was evaporated to dry- 
ness. The residue was dissolved in water 
(100 ml.) and extracted with chloroform 
(3x100 ml.). The combined chloroform ex- 
tracts were concentrated and fractionated on 

55 a column of silicic acid (35 g.) with aceto- 
nitrile as eluant. The eluant was changed to 
acetonitrile: water (4:1) and a major fraction 
(100 — 150 ml.) was collected. A white pre- 
cipitate in this fraction was collected by fil- 

60 tration to give Or* - n - butyryl - N 6 - 
phenylcarbamoyl - cAMP as. the free acid 
(110 mg.). The filtrate was evaporated to dry- 
ness, the residue re-dissolved in a mixture of 
etfaanol and water, and the solution passed 



through a column of sulphonated polystyrene 65 
resin (Na + form). The eluate was partially 
evaporated then freeze-dried to give O 2 ' - 
n - butyryl - N 6 - phenylcarbamoyl - c.AMP 
as the sodium salt (357 mg.). Found C, 
45.1; H, 4.5; N, 14.6%. C^H^OePNa . 70 
H 2 0 requires C, 45.1; H, 4.3; N, 15.1%. 
U.V. &max. (water) 277 n.m. (e 26,500); 
N.m.r. S 6.28 (s, H-l') p.p.m. 

Example 30 

N B - Mono - phenylcarbamoyl - c.AMP 75 
(450 mg.) was converted into its anhydrous 
triethylarnmonium salt as described in 
Example 29. The salt was dissolved in dry 
pyridine (10 ml.) and reacted with n-butyl 
chloroformate (2 ml.) at room temperature 80 
for 24 hours. The reaction mixture was diluted 
with water and evaporated to a gum which 
was re-dissolved in water (50 ml). The solu- 
tion was extracted with chloroform (3X50 
ml.) and the extracts evaporated to dryness. 85 
The residue was re-dissolved in acetonitrile 
and fractionated on a column of silicic acid 
(40 g.) using acetonitrile (200 ml.) as the 
first eluant, followed by acetonitrile : water 
(88 : 12). The major product appeared in the 90 
acetonitrile: water fractions, and these were 
passed down a column of sulphonated poly- 
styrene resin (Na + form). The eluate was par- 
tially evaporated and freeze-dried to give 
O 2 ' - n - butyloxycaxbonyl - N B - phenyl- 95 
carbamoyl - c.AMP as the sodium salt (226 
mg.). Found C, 44.5; H, 4.0; N, 14.1%. 
Q 2 H 24 N c O 0 PNa . H s O requires C, 44.9; H, 
4.4; N, 14.3%. U.V. >W (water) 277 n.m. 
(* 26,000); N.m.r. S 6.35 (s, H-l') p.p.m. 100 

Example 31 
N 6 - Mono - phenylcarbamoyl - c.AMP 
(230 mg.) was converted into the triethyl- 
ammonium salt as described in Example 29. 
The salt was dissolved in dry pyridine (10 105 
ml.) and reacted with n-hexyl chloroformate 
(2.5 ml.) and the product isolated as described 
for Example 30 to give O 2 ' - n - hexyloxy- 
carbonyl - N° - phenylcarbamoyl - c.AMP 
as the sodium salt (214 mg.). Found Q 44.0; 110 
H, 5.1; N, 12.0%. C 24 H 28 N c O 0 PNa . 3H 2 0 
requires Q 44.2; H, 5.2; N, 12.9%,. U.V. 

(water) 277 n.m. (e 24,800); Non.r. 
5 6.33 (s, H-l') p.p.m.. 

Example 32 us 
N 6 - Mono - phenylcarbamoyl - c.AMP 
(450 mg.) was converted into the triethyl- 
ammonium salt as described in Example 29. 
The salt was dissolved in dry pyridine (10 
ml.) and reacted with n - octylisocyanate (3 120 
ml.) at room temperature for 17 days. Water 
(100 ml.) was added, and the mixture left 
at 4°<Q for 24 hours. The solids were 
filtered off, and the filtrate evaporated to 
dryness. The residue was dissolved in aceto- 125 
nitrile and fractionated on a column of silicic 
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acid (40 g.) using acetonitrile (200 ml.) then 
acetonitrile: water (88:12) as eluants. The 
*najor product appeared in the fraction (125 
mL — 350 ml.) of the acetonitrile: water eluate, 

5 and this fraction was passed through a column 
of sulphonated polystyrene resin (Na + form). 
Hie eluate was partially evaporated and 
freeze-dried to give O 2 ' - n - octylcarbamoyl - 
N 6 - phenylcaxbamoyl - c.AMP as the sodium 

10 salt (410 mg.}. Found C, 47.3 ; H, 5.8; N, 
15.1%. a 6 H S2 N 7 O b PNa.2H 2 0 requires Q 
47.2; H, 5.6; N, 14.8%. U.V. (water) 
277 n.m. ( e 28,200); N.m.r. 8 6.16 (s, H-l') 
p.p.m. 



15 Example 33 

N 6 - Mono - p - chlorophenylcarbamoyl - 
C.AMP triethylammonium salt (0.88 g.) was 
dissolved in a mixture of dry pyridine (20 ml.) 
and phenyl isocyanate (2 ml.). The mixture 

20 was allowed to stand at room temperature for 
72 hours, after which it was diluted with 
water and kept at 4°C. for 24 hours. The 
resulting precipitate was filtered off, and the 
filtrate evaporated to a solid which was dis- 

25 solved in acetonitrile and fractionated on a 
- column of silicic acid (200 g.) using aceto- 
nitrile then acetonitrile: water (9:1) as elu- 
ants. The major product appeared in the 
acetonitrile: water eluate, and was isolated as 

30 a solid after evaporation. The solid was dis- 
solved in acetonitrile and the solution passed 
down a column of sulphonated polystyrene 
resin (Na + form):. The eluate was partially 
evaporated and freeze-dried to give N c - p - 

35 chlorophenylcarbamoyl - O 2 ' - . phenylcarb- 
amoyl - c.AMP as the sodium salt (600 mg.). 
Found Q 43.4; H, 3.5; N, 14.5%. 
Q4H 20 N T O 8 PCl . Na . 2H 2 0 -requires G, 43.7; 
H, 3.6; N, 14.9%. U.V. (water) 277 n.m. 

40 ( e 30,800); N.m.r. 5 6.32 (s, H-l') p.p.m. 



Example 34 
N 6 ,0 2 ' - Di - isobutoxycarbonyl - c.AMP 
(350 mg.) was dissolved in 0.1 M .sodium 
. hydroxide solution (20 ml.) and the solution 

45 kept at room temperature for 24 hours. The 
solution was then neutralised with sulphonated 
polystyrene resin (H + form), filtered, and the 
filtrate evaporated to dryness in the presence 
of silicic add (10 g.). The residue was applied 
.50 to a column of silicic acid (20x4 cm.) packed 
in acetonitrile, and the column eluted with 
acetonitrile-water (22:3); The fraction eluted 
between 400 — 500 ml. of eluate was evapor- 
ated to give N 6 - mono - isobutoxycarbonyl - 

55 c.AMP (250 mg.) which was converted into 
its sodium salt by interaction with a sulphon- 
ated polystyrene resin (Na + form). Found Q 
37.9; H, 4.8; N, 14.8%. Q 5 H l0 N 5 O 8 PNa . 
H 2 0 requires Q 38.3; H, 4.5; N, 15.0%. 

60 U.V. (ethanol) 267 n.m. ( £ 16,800); 

N.mx. 8 6.33 (s, H-l') p.pjm. . 



WHAT WE CLAIM IS: — 
1. A cyclic AMP derivative of the for- 
mula: — 




I 65 



OH 

wherein R 1 is an acyl group of the formula 
—CO . OR 3 or —CO . NHR* 5 wherein R 3 is 
an alkyl radical of 1 — 8 carbon atoms, a halo- 
alkyl radical of 1 — 4 carbon atoms, or an 
alkenyl radical of up to 4 carbon atoms, and 70 
R* is an alkyl radical of 1 — 8 carbon atoms, 
a haloalkyl radical of 1 — 4 carbon atoms, an 
alkenyl radical of up to 4 carbon atoms, a 
phenylalkyl radical of 7 — 9 carbon atoms, a 
phenyl radical, a naphthyl radical, or a phenyl 75 
radical bearing as a substituent, a halogen 
atom or an alkyl or alkoxy radical of 1 — 3 
carbon atoms; and R 2 is hydrogen or an acyl 
group of the formula — CO . OR 3 , 
—CO . NHR 4 or —CO . R 5 , wherein R 3 and 80 
R 4 are as defined above and R 5 is an alkyl 
radical of 1 — 4 carbon atoms, or a base addi- 
tion salt thereof . 

2. A compound as claimed in claim 1 where- 
in R 3 or R d is an alkyl radical of 3 — 6 carbon 85 
atoms. 

3. A compound as claimed in claim 1 or 2 
wherein R 3 or R* is a methyl, ethyl, n-propyl, 
n-butyl, iscbutyl, n-hexyl 3 n-heptyl, n-octyl, 
2,2,2 - trichloro ethyl 2 - chloroethyl or allyl 90 
radical, or R* is a benzyl, phenyl, naphthyl, 

o - chlorophenyl, m - chlorophenyl, p - chloro- 
phenyl or p - methoxyphenyl radical, and R 5 
is an n-propyl radical 

4*. A compound as claimed in claim 1, 2 95 
or 3 wherein R 1 and R 2 are both acyl groups 
of the formula — CO- . OR 3 or both acyl groups 
of the formula — CO . NHR 4 . 

5. A compound as claimed in claim 1, 2 or 

3 wherein R 1 is an acyl group of the formula 100 
—CO . OR 3 " or — CO'.NHR 4 , and R 2 is a 
different acyl group of the formula 
—CO . OR 3 , —CO . NHR* or —CO . R 5 . 

6. Trie cyclic AMP derivative, N 0 ,O 2 ' - 
di - phenylcarbamoyl - c.AMP or a base addi- 
tion salt thereof. 105 

7. The cyclic AMP derivative, N c ,0 2 ' - di - 
isobutoxycarbonyl - c.AMP or N B ,0 2 ' - di - 
n - butoxycarbonyl - c.AMP, or a base addi- 
tion salt thereof. 

* 8. A base addition salt as claimed in any 110 
-of claims 1 to 7 which is a pharmaceutically- 
acceptable base addition salt. 

9. A base addition salt as claimed in any 
of claims 1 to 7 which is a barium salt or a 
salt with an organic amine. 105 
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10. A process for the manufacture of a 
cyclic AMP derivative claimed in claim 1 
which comprises 

1) for a compound of formula I wherein 

5 R 1 is an acyl group of the formula — CO . OR 3 
or — CO . NHR 4 and R 2 is hydrogen, or R 1 
and R 2 are -identical acyl groups of tie formula 
—CO . OR 3 or — CO . NHR 4 , reacting cyclic 
AMP, or a base addition, salt thereof, with 

10 at least 1.5 molecular equivalents of an acylat- 
ing agent derived structurally from an acid 
of the formula R a O . CO . OH or 
R*NH . CO . OH; wherein R 3 and R 4 are as 
stated in claim 1 ; 

15 2) for a compound of formula I wherein 
R 1 is an acyl group of the formula 
—CO . NHR 4 and R 2 is hydrogen, or R 1 and 
R 2 are identical acyl groups of the formula 
— CO . NHR 4 , reacting cydic AMP, or a base 

20 addition salt thereof, with at least 1.5 molecu- 
lar equivalents of an isocyanate of the formula 
R 4 .N=C=0, wherein R 4 is as stated in 
claim 1;. 

3) for a compound of formula I wherein 
25 R 2 is hydrogen, hydrolysing the correspond- 
ing cyclic AMP derivative of formula I, where- 
in R 2 as an acyl group, with dilute alkali, or 
hydrolysing a tri-acylated derivative of cyclic 
AMP with dilute alkali; 
30 4) for a compound of formula I wherein 
R 2 is other than hydrogen: 

a) reacting the corresponding cyclic AMP 
derivative of formula I, wherein R 2 is hydro- 
gen, or a base addition salt thereof, with an 

35 acylaring agent derived structurally from an 
acid of the formula R 3 0 . CO . OH, 
R 4 NH . CO . OH or R 5 . CO . OH, or with an 
isocyanate of the formula R 4 . N=C=0, 
wherein R 3 , R 4 and R 5 are as stated in claim 

40 1, or 

b) reacting the corresponding cyclic AMP 
derivative of formula I, wherein R 1 is hydro- 
gen and R 3 is an acyl group of the formula 
—CO . OR 3 , — CO . NHR 4 or -^GO . R s , or 

45 a base addition salt thereof, with an acylating 
agent derived structurally from an acid of 
the formula R 3 0 . CO . OH or 
R 4 NH . CO . OH, or with an isocyanate of 



the formula R 4 .N=C=0, wherein R 3 and 

R 4 are as stated in claim 1; 50 

5) dehydrating an adenosine - 5' - phosphate 
derivative of the formula: — 




wherein R 1 and R 3 are as stated in claim 1; or 
6) reacting a compound of the formula: — 55 



NHR 1 




HO OP? 



wherein R 1 and R 2 are as stated in claim 1 
and R 6 is a radical derived from an acid 
R 6 H which is more acidic than the 3' - 
hydroxyl radical of the nucleotide of formula 60 
III, with a base. 

11. A pharmaceutical composition which 
comprises a cyclic AMP derivative as claimed 
in claim 1 in a sterile injectable medium. 

12. A composition as claimed in claim 11 65 
which is a sterile injectable solution. 

13. A cyclic AMP derivative as claimed 
in claim 1 substantially as described in any 
one of Examples 1 to 19. 

14. A cyclic AMP derivative as claimed in 70 
claim 1 substantially as described in any one 

of Examples 20 to 34. 

A. H. LAIRD, 
Agent for the Applicants. 
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